Abstract. In the process of the pulse MIG power supply welding, the arc length will change dynamically due to various environmental disturbances. Therefore, how to realize the real-time control of the arc length is the key to the stability of the pulse MIG welding process, and it is also an important guarantee of the welding quality. In this paper, the three voltage loop control methods of no arc length control, one-dimensional fuzzy control and two-dimensional fuzzy control are compared through matlab simulation. The simulation results show that the arc length control scheme of welding power supply based on two-dimensional fuzzy control can achieve better dynamic response when the stepwise mutation occurs in the arc length.
Introduction
For the pulse MIG welding, the power supply is the supplier of energy, and the direct heat source required for soldering is the arc, whether the arc can be stably burned has a significant impact on the stability of the welding process and the quality of the weld. The physical nature of the welding arc is the gas discharge which is different from other gas discharge, it has the advantages of low cathode pressure drop, large current density and so on.
The pulse MIG welding current is pulsed and its current waveform contains a number of adjustable parameters, such as peak time, base time, base current, peak current, and median current, climb time, burn time and so on. Through the adjustment of these parameters, the waveform of welding current can be controlled effectively, so as to control the power output energy.
At present, researchers at home and abroad have carried out extensive research on the arc length control of pulsed MIG and proposed many arc length control methods. In particular, there is a Synergic arc length control method proposed by British welding [1] , the method of open-loop control and closed-loop control adopted for the same time by Japanese scholars, and Academician Ji-luan PAN etc. of Tsinghua University proposed QH-ARC arc length control method, Zan-dong HAN, Dong Du etc. realized the control of arc length by threshold control method.
Based on the fuzzy control theory, this paper uses Simulink to construct an arc length control model based on two-dimensional fuzzy controller, and connect the waveform generation module, the two-dimensional fuzzy controller module, the current controller module, the power arc module, the arc voltage calculation module and the arc voltage load module together, and the simulation of the whole welding system is carried out to verify that the two -dimensional fuzzy controller can achieve better control effect on the arc length.
Design of Fuzzy Controller

Input and Output Variable Domain
According to the actual welding situation, the arc fluctuation of the pulsed MIG welding does not exceed ±0.005m, In order to ensure the stability of the arc length during the welding process [2] . Under protective gas, the data of electric field strength based on the experimental is 700v/m, so the minimum value of deviation e is -3.5v, the minimum value is +3.5v. Therefore, the variation range of the arc voltage deviation e is [-3.5, 3.5], according to the experience of the deviation rate of the deviation is generally twice the deviation e, about [-7, 7 ].
In order to ensure stable welding and small splash, the base time of the welding current is generally 0.003-0.015s, the span of base time is 0.012s, the base time range is -0.006s-+0.006s.
Taking the domains of deviation E, the deviation rate EC and the output U are all [-3, 3], divided into seven levels, as {-3, -2, -1,0, +1, +2, +3}
The quantization factor of the deviation e: 3 / 3.5 0.857
The control factor of the deviation rate ec:
3 / 7 0.428
The scale factor of the output factor u:
0.006 / 3 0.002
Fuzzy Control Rules
Fuzzy control rules are the embodiment of expert experience and thought in fuzzy controller, its essence is to summed up the expert control experience into a conditional statement, forming a set of fuzzy conditions. These conditional statements are the relationship between the input deviation value E and the deviation rate EC and the output U. This design of the two-dimensional fuzzy controller can take the dynamic and static characteristics of the system into account, make the system performance to achieve the best. The basic design principle is: when the deviation is large, to eliminate the main bias; when the deviation is small, try to make the system stable, reduce system overshoot or shock.
According to the above basic principles of control, using the mature Mamdani (Max-Min) algorithm, using the MATLAB control rule editor to edit the conditional statement as follows:
{ } Here you can get a fuzzy relationship between E, EC and U:
The corresponding membership function is: (5) The relationship between the output control amount U and the input amount E and EC is:
(6) The corresponding membership function is:
, e E ec EC u U ∀ ∈ ∀ ∈ ∀ ∈ Table 1 can be obtained: -3  3  3  3  3  2  1  0  -2  3  2  2  2  2  1  0  -1  3  2  1  1 
The regular observer and surface observer in MATLAB can be shown in the figure 1. As can be seen from the surface observer, the relationship between input and output is non-linear and gentle, which can be reasoned out that there will be a relatively flat output. 
Simulation of Arc Length Control Based on MATLAB The Establishment of Simulation Model
Using the fuzzy logic controller tool in Simulink to build a fuzzy outer ring controller based on two-dimensional fuzzy controller simulation model shown in Figure 2 , the input amount is the deviation of the arc voltage and the rate of deviation change, the output is the increment of the base time. 
Simulation Results and Analysis
The arc length variation curve and the welding current curve are compared when the welding distance under the control of three kinds of control methods no arc length control, one-dimensional fuzzy control and two-dimensional fuzzy control, Arc length curve and welding current curve shown in Figure 3 . According to Figure 3 , when there is no arc length control ring, the welding distance mutated, there is no arc length regulation, under these circumstances, it is easy to break the arc, generally only through the welding staff manually on the welding gun and the workpiece to adjust the distance to avoid breaking arcs. Under the action of a one-dimensional fuzzy controller, the arc length and welding current can be stabilized again in 20 pulse periods, but because the control only take the deviation as the input, the control waveform is not smooth enough. Under the action of a two-dimensional fuzzy controller, the arc length can be stabilized again in nine pulse periods, the control waveform is smooth. It can be seen that the two-dimensional fuzzy control has the advantage of being able to stabilize the arc length in a faster time.
